Background: Non-adherence to treatment is associated with poor asthma control, increased exacerbations, decline in lung function, and decreased quality of life. M-health applications have become increasingly in the last years, but little research regarding the efficiency of the instructional videos for correct inhaler use exist. The aim of this study is to assess and improve the inhalator technique and to establish which types of errors were made more often with the help of a mobile health application. Materials and methods: Seventy-five patients with partially controlled or uncontrolled asthma, using any of turbuhaler, diskus, pressurized metered dose inhaler (pMDI) or soft mist inhaler (SMI), were included in the study. When they first entered the study, the patient's inhaler technique was assessed by a trained medical professional and the technique errors were categorized in handling, respectively inhalation errors. After the first evaluation, the patients downloaded an application on their Smartphone and were encouraged to use the application as much as needed to remind them the correct inhalation technique. The patients were re-called every three months for evaluation, treatment, and assessment of inhalation technique. Results: We analyzed both handling and inhalation errors for each of the four considered inhalers. We observed a significantly reduced number of inhalation technique errors after using the mobile phone application. Turbuhaler median errors were 6.00, and after six months we did not observe errors. Diskus median error was 6.00, and after six months we observed a maximum of one error. pMDI median errors were 7.00, and after six months we observed just one error. Similarly, SMI median error was 7.00, and after six months we observed just one error. Conclusion: Although technique inhalation errors are very common among asthma patients, video instructions provided through specific mobile phone applications could improve the inhaler technique in order to achieve a better control of the disease.
Introduction
Asthma is a chronic respiratory disease that is highly prevalent in the overall population affecting over 334 million people worldwide. 1 Although it has a high prevalence, asthma is still under-diagnosed and under-treated, with over 50% of the patients in European countries not achieving the control of the disease.
control, increased exacerbations, decline in lung function , and decreased quality of life. 5 The reasons for non-adherence to asthma medication are complex and various, but a common factor relates to patient behavior. 5, 6 Successful management of asthma patients includes controlling the symptoms and reducing the risk of exacerbations. There are many reasons for poor asthma control, one of the most important is the incorrect utilization of inhalers devices. 7, 8 Many studies have shown that 50-80% of the investigated patients use the inhaler device incorrectly thus substantially reducing the delivery of the administrated substance and consequently the effectiveness of the medication. 9, 10 Predictors of a poor inhaler technique like inadequate knowledge of the disease, increasing age, female gender, and low education have been previously reported.
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The main types of errors found in the inhaler technique are represented by the "critical or essential" error, which significantly impairs the delivery of adequate medication to the lung and the "non-critical" error, which results in a reduced amount of drug reaching the lungs. 12 In the recent documents, the Global Initiative for Asthma (GINA) highlighted the importance of the assessment and correction of the poor inhalation technique before escalating drug therapy. 1 Price et al, emphasized
the association between the incorrect inhaler technique and the poor clinical outcomes and increased health care costs. 12 The estimated prevalence of asthma is 4-6% which accounts for 800 thousand to 1 million Inhabitants. 13 Since the early 80`s, Self et al, observed that patients who received personal instructions or videotape had a better inhalation technique than the patients who only read the package instructions.
14 Video education has become increasingly in the last years but little research regarding the efficiency of the instructional videos for correct inhaler use exist. Given these facts, the aim of this study is to assess and improve the inhalation technique and to establish which types of errors were made more often with the help of a mobile health application.
Materials and methods

Study design and patients
This was an observational multicenter study that was performed over a period of one year. The study design and contract forms were approved by the Ethics Committee of the "Victor Babes" Clinical Hospital of Infectious Diseases and Pneumophtisiology, Timisoara, and of the Clinical Pneumophtisiology Hospital of Constanta (no 261/10.01.2018 and no 87/08.01.2018, respectively). No invasive procedures have been applied. All the subjects have been informed upon the research, and informed consent was obtained before the beginning of the study. This research is respecting the Declaration of Helsinki ethical principles for research regarding the safety of human subjects.
Patients were included in the analysis if the following criteria were met: age over 18 years old; diagnosed with asthma and met the standards of the GINA guidelines ; 1 received previous inhaled medication but still did not manage to control the disease; partially controlled disease or uncontrolled disease according to the physicians evaluation and GINA guidelines. 1 In order to evaluate the recorded inhaler technique errors, we adopted a within-subject design. One of the main advantages of the present study design is that only fewer participants are required and the chance of discovering differences between the repeated measurements increases. Patients were both randomly selected and randomly assigned to evaluate an inhaler device. Although we included patients that received previous inhaled medication, none of them had experience with a mobile phone application for medical purpose.
Patients were excluded if they were younger than 18 years, illiteracy, unable to read the instructions, no available Smartphone, or no knowledge how to properly use a Smartphone.
Inhaler technique errors assessment
We chose to analyze the following devices: turbuhaler, diskus, pMDI, and SMI, because these are the most prescribed inhalers in the Romanian population with asthma.
When the patients first entered the study, the inhaler technique was assessed by a trained medical professional. The correct use was assessed by following a pre-defined checklist for each inhaler type based on instruction package from the manufacturers. We considered a checklist used by Gregiano et al. 15, 16 and critical errors were noted according to van der Palen J, et al. 17 The technique was split in handling errors and inhalation errors. A critical error was considered if it prevented the subject from inhaling any of the medications contained in the inhaler. A non-critical error was when it caused a suboptimal administration of the drug, although the subject could still inhale part of the dose. The steps were marked with "1" if the technique was correct and "0" if incorrect. The same physician evaluated the technique at every visit.
After the first evaluation, the patients downloaded an application on their Smartphone and were encouraged to use the application as much as needed to remind them the correct inhalation technique. The patients were re-called every three months for evaluation and treatment. The inhalation technique was assessed at every evaluation.
Device application description
Pneumocontrol (Figures 1-4 ) is an application developed by a group of medical physicians together with an IT specialist. The application was developed for the selfmanagement of the patients with asthma and chronic obstructive pulmonary disease (COPD) and it can also be tracked on www.pneumocontrol.ro
Depending on their diagnosis (asthma or COPD), patients will complete either Asthma control test (ACT), either COPD assessment test. In this situation, patients completed the ACT questionnaire. Depending on the score obtained from the questionnaire a presumptive patient classification and will display messages of: normal evolution (continue treatment), alarming evolution (need for medical consultation), and immediate medical emergencies. Medical values are automatically processed, and a graphical score will indicate patient classification according to medical standards and disease control level (scores obtained from the ACT). The mobile application allows the identification of the patient through a user account.
From the first login, the patient will introduce the identification number of the current physician (which is also logged in the application) and the physician will be able to monitor the patient's evolution. Furthermore, it will save a history of the connections made, the number of completed ACT forms, and the statistical evolution of the score (ACT questionnaire total score).
The application has three specific areas: self-management plan with specific questionnaires, inhalation devices techniques with video presentation, and 
Statistical analysis
Collected data were presented as mean (standard deviation) for numerical continuous variables with Gaussian distribution, median (percentile 25%-percentile 75%). for numerical variables without Gaussian distribution, or absolute frequency (percentage) for categorical variables. Continuous variable distributions were tested for normality using the Shapiro-Wilk's test and for equality of variances by using Levene's test.
To assess the significance of the differences between groups, the Student's t-test (means, Gaussian populations), Mann-Whitney U test (medians, non-Gaussian populations) or Kruskal-Wallis test (medians, non-Gaussian populations), and Pearson chi-square or Fisher's exact test (proportions) were used.
To evaluate the change within-subjects, we conducted a one-way repeated measures ANOVA. The condition of sphericity was assessed by the Mauchly's test. When the sphericity condition was violated, we applied a Greenhouse-Geisser correction. Post-hoc analysis with a Bonferroni adjustment was applied for testing all possible pairwise combinations of levels of the within-subjects factor.
Data were analyzed using the SPSS v.17 software (SPSS Inc., Chicago, IL, USA). The graphical representations were generated using GraphPad Prism v8.0.2. A pvalue of 0.05 was considered as the threshold for statistical significance, and a confidence level of 0.95 was considered for estimating intervals.
Results
We analyzed both handling and inhalation errors for each of the four considered inhalers, namely, Turbuhaler, Diskus, pMDI, and SMI.
In order to evaluate the errors recorded by the Turbuhaler device, we considered a sample of 25 individuals, 12 men and 13 women, aged between 22 and 64 years, mean age 39.44 (±12.59), 95% CI (34.24; 44.64). The total number of errors decreased from the first evaluation to the evaluations after 3 months and 6 months ( Table 1) . At the first evaluation, a total number of 7.00 errors, median 6.00 (5.00-6.00) errors were noted, and after three months, a maximum number of 3.00 errors, median 2.00 (2.00-2.00) errors were recorded, while after six months, no errors were observed. When considering only the critical errors, at the first evaluation, we noticed a maximum number of 4.00 errors, median 4.00 (3.00-4.00), while after three and six months, the number decreased to 2 errors, median 0.00 (0.00-1.00) errors, and zero errors, respectively ( Figure 5 ).
One-way repeated measures ANOVA conducted in order to determine if the number of total errors was statistically Table 1 Description of collected errors using Turbuhaler (N=25) at the three evaluation moments The total number of errors decreased from the first evaluation (10.00 errors, median 6.00 (6.00-7.00) errors) to the evaluation after three months (maximum number of Table 2 Description of collected errors using inhaler Diskus (N=14) at the three evaluation moments 5.00 errors, median 2.00 (2.00-2.00) errors) and six months (one error) ( Table 2) .
When considering only the critical errors, we noticed a maximum number of 6.00 errors, median 4.00 (4.00-4.00), at the first evaluation, while after three months and six months, the number decreased to 3 errors, median 1.00 (1.00-2.00) errors, and only one error, respectively. The number of total errors statistically significant changed over time, F(2,26) =50.738, p<0.001, partial η 2 =0.956. At the same time, the number of critical errors statistically significant changed over time, F(2,26) =31.509, p<0.001, partial η 2 =0.956. The total number of errors has significantly decreased from initial evaluation to three months (4.357 (95% CI, 3.676 to 5.039) errors, p<0.001), and from the initial evaluation to six months (6.429 (95% CI, 5.486 to 7.371) errors, p<0.001), and from three months to six months (2.071 (95% CI, 1.68 to 2.463) errors, p<0.001).
Additionally, we did not find significant differences between the number of errors in case of men patients vs women patients, when considering the handling and inhalation operations (Figure 6 ). At the same time, we did not observe significant differences between the number of errors in case of patients from different age groups.
For testing the errors recorded by the pMDI inhaler, we considered a sample of 26 individuals, 13 men and 13 women, aged between 20 and 62 years, mean age 37.81 (±11.12) years, 95% CI (33.31; 42.30). We observed that the number of errors decreased from the first evaluation to the evaluations after three months and six months (Table 3) .
At the first evaluation, we found a total number of 9.00 errors, median 7.00 (6.00-8.00) errors. After three months, we observed a total number of 3.00 errors, median 2.00 (1.00-2.00) errors, while after six months, we observed just one error. When considering only the critical errors, we noticed a number of 5.00 errors, median 3.50 (3.00-4.00) at the first evaluation, while after three months and six months, the number decreased to only two errors, median 1.00 (0.00-1.00) errors, and zero errors, respectively. The number of total errors statistically significant changed over time, F(2,50) =49.391, p<0.001, partial η 2 =0.963. At the same time, the number of critical errors statistically significant changed over time, F(2,50) =31.601, p<0.001, partial η 2 =0.903. The total number of errors has significantly decreased from initial evaluation to three months (5.077 (95% CI, 4.565-5.589) errors, p<0.001), and from the initial evaluation to six months (6.846 (95% CI, 6.265-7.428) errors, p<0.001), and from three months to six months (1.769 (95% CI, 0.98-2.143) errors, p<0.001).
When comparing the number of errors recorded in case of patients grouped by gender, we observed that men did significantly more errors compared to women at the handling the device operation "Mouthpiece not enclose tightly with the lips", 76.9% vs 23.1%, Chi-square test, X 2 (1) =7.54, p=0.017. However, we did not observe significant differences between the number of errors in case of men patients vs women patients when considering the other handling and inhalation errors (Figure 7 ). On the contrary, when we compared the number of errors recorded in case of patients at the age group of 20-40 years vs age group of 41-62 years, we observed statistically significant differences between the number of errors at the handling the device operation "Not removing/opening the cap", 16.7.% vs 83.3%, Chi-square test, X 2 (1) =6.82, p=0.017. When considering the other handling and inhalation errors, we did not observe significant differences between the number of errors for the two age groups.
When evaluating the inhaler technique errors recorded by the SMI, we considered a sample of 10 individuals, 6 men and 4 women, aged between 24 and 57 years, mean age 40.10 (±10.6) years, 90% CI (32.52; 47.68). We observed that the number of errors decreased from the first evaluation to the evaluations after three months and six months (Table 4) .
We found a total number of 11.00 errors, median 7.00 (5.00-8.00) errors at the first evaluation. After three months, we observed a total number of 7.00 errors, median 3.00 (2.00-4.00) errors, while after six months, we observed just one error, median 0.50 (2.00-4.00) errors. When considering only the critical errors, we noticed a number of 6.00 errors, median 5.00 (3.00-5.00) at the first evaluation, while after three months and six months, the number decreased to 3 errors, median 2.00 (1.00-2.00) errors, and just one error, respectively.
We observed that the number of the total recorded errors at the three evaluation moments has significantly Table 3 Description of collected errors using inhaler pMDI (N=26) at the three evaluation moments decreased from the first evaluation to the third evaluation, F(2,18) =61.127, p<0.001, partial η 2 =0.872. At the same time, we observed that differences between the number of critical errors at the three evaluation moments were statistically significant, F(2,18) =85.172, p<0.001, partial η 2 =0.904. The total number of errors has significantly decreased from initial evaluation to three months (2.800 (95% CI, 1.660-3.940) errors, p<0.001), and from the initial evaluation to six months (4.300 (95% CI, 3.224 to 5.376) errors, p<0.001), and from three months to six months (1.500 (95% CI, 1.098-2.002) errors, p<0.001).
In addition, no significant differences between the number of errors recorded in case of men vs women, when considering both the handling and inhalation errors were observed (Figure 8 ). Moreover, no significant differences between the number of errors recorded by the inhaler when considering patients at different age groups were found. Table 4 Description of collected errors using inhaler SMI (N=10) at the three evaluation moments The comparative representation of both total number of errors and number of critical errors recorded by the considered inhalers is shown in Figure 9 . The total number of errors decreased from the first evaluation to the evaluations after both three and six months when considering all the inhalers.
Discussion
It is known that for the past 40 years, the type and the frequency of inhaler errors did not significantly change, and treatment outcomes are often reduced due to deficient inhaler technique. 18 In this study, we analyzed the inhaler technique and the error evolution after using a specific M-health application that contains demonstrative inhaler technique videos. We compared our findings with the literature results and presented it as a valuable option in order to reduce the inhaler technique errors.
We found major inhaler technique errors in all the analyzed devices, every single one having at least four critical errors.
The CRITIKAL study, which is one of the largest studies that investigated the inhaler technique in a multinational population, the authors have observed that inspiratory effort errors were frequent in all studied device cohorts. Patients that used DPI devices inhaled insufficiently fast and forceful: 32.1% of the patients that used Turbuhaler, 38.4% of the patients using Diskus, and 47.2% in patients that used MDI devices. 19 The most frequent errors remain the generic ones, such as dose preparation for DPIs, coordination problems with MDIs, and other current reported errors consisting in not exhaling, not holding breath and insufficient speed of inhalation. 19 Compared to the above-mentioned studies, in the present study, 84% of the patients that used Turbuhaler device, and all the patients that used Diskus device did not inhale sufficiently fast and forceful. One explanation for our high rate of errors could be that we analyzed a significantly reduced number of patients compared to the other studies. Regardless of the number of patients, it is clear that this type of critical error remains high.
The CRITIKAL study also highlighted "exhaling into the device" as a critical MDI error. 19 Although the literature has found patients that exhaled into the device, in our study not a single patient made this error. Sanchis et al, analyzed a large number of studies during 2000 and 2013 and found a wide variability between the subjects making errors across different studies. The most commonly made errors in pMDI across studies were failing to actuate the inhaler while breathing in slowly and failing to hold breath after inhalation. The proportion of former errors ranged between 24% and 77%, respectively 10% to 68% across different studies. 20 Plaza et al, found that inhalation techniques remain poor in Spain, the most common error reported for the pMDI being: failing to breath out prior to inhalation, poor coordination between inhalation and actuation of the device, forgetting to shake the inhaler, and failing to hold breath after medication delivery. 21 Compared to the result of these studies, 96% of our patients failed to actuate the inhaler while breathing in slowly, while 57% of the patients failed to hold their breath for about 5 s after inhalation.
Other authors found that the most common mistakes in DPI inhalers are failing to breathe out and away from the inhaler, and failing to hold breath. Furthermore, 30% of the subjects that used the Turbuhaler device made an error related to the inhaler position. 22 Other studies reported that the steps with the highest error rate in DPIs were critical errors: 34% of the patients did not shake the inhaler well, 46.2% did not exhale completely away from the inhaler, and 40.9% of the studied patients did not hold the breath for 10 s. 23 In this study, older patients operated the inhalers with multiple technique errors compared to the younger ones. Reduced dexterity and cognitive function can be some of the factors that limit their ability to correctly use the inhalers. Statistically significant differences between the age groups 22-40 and 41-64 years were observed in the Turbuhaler group regarding the handling error "no upright posture before inhalation". When we analyzed the pMDI group we found significant differences between the same group ages but this time the handling error was "not removing/opening the cap" (16.7% vs 83.3%). No handling errors were observed between the two group ages for the SMI.
A study that used video instructions to promote correct technique for DPI observed that non-verbal videos were an inadequate way of providing inhaler education for first time users of inhalers. 24 Compared to their study, our instructional videos were verbal and had clear subtitle, this could be one reason why our subjects had an improved inhaler technique. Instead of learning how to use inhalers by reading the instructions only, visual demonstrations with the help of M-health applications can reduce the critical errors during inhaler use.
Other studies had also proved that the use of video technology can improve the patient knowledge and understanding regarding inhaler technique. 25 It has been observed that the inhaler technique is deteriorating over time, sometimes as little as 2-3 months. 26 Thus, it is important to have repeated training in order to obtain and maintain a correct technique. Providing inhaler education via M-health applications could be suitable for this situation instead of recalling the patient to verify the technique. This option is also supported by Wilson et al, who emphasized that the use of instructional videos can promote recall on inhaler use in asthma patients. 27 We evaluated the patients over a period of six months with a constant reminder to use the phone application when needed and thus we obtained significant result regarding the inhaler technique. After six months, all types of errors (critical and non-critical) had been significantly reduced to almost no error. For the future, it would be interesting to observe if no further reminder from the physician and no use of an M-health application can maintain the inhaler technique for a longer period of time.
One limitation of this study could be that we did not include the education level of the subjects. Education level could affect the ability to understand instructions, memorize the technique steps, and operate the inhaler.
Conclusion
Incorrect inhaler technique remains frequent among patients with asthma, and it did not improve significantly over the past years. This problem could be an important obstacle in achieving good asthma control. Careful instructions, demonstration, and repeated tuition are possible strategies that could enhance the proper inhaler technique, but new approaches should be explored. The results of this study suggest that video instructions provided through specific mobile phone applications could improve the inhaler technique in patients with asthma.
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